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INTRODUCTION. 


- The value of ground resistivity measurements made on the surface.of the 
arth as an index of structure below it is gradually becoming of inercasin= im- 
ortance. While originally of direct interest to the mining engineer in the loca- 
ion of ore deposits it has found further applications in the location of various 
lectrical resistivities. The functioning of vower service and telephonic commn- 
cations are more or less affected by the position of the various earth's resistiv- 
ties relative to each other. ‘The.location of proper bridge, dam, and building 
oundations with the aid: of resistivity measurements is today an accepted procedure. 


The first record of resistivity measurements unon large bodies of the earth's 
rust was made by Rooney of the Carnezie Institution. Later Leonardon and Kelly 
escribed tae results of res; .stivity measurements in comnection with their  practi- 

2l anvlications. This method must not ve taken as the one described in Patent 
163468, issued December (7, 1915 to on ‘Schlumkerger. 


Although ne orocedure of aissumeneae is. relatively Simmlo, interes éetation 
f the results involves a ee anount of study. Because of the great varisty of 
iscontinuitics which embrace tne ground structures, involving both a cnenze of 
inension as woll as electrical oromertios, no simole matkenztical svstem of analy- 
is can bo aovjlied directly to these mee ascrements. A ne aotaematical tool, must vce 
nventcd to neet these necds, hence the results must, rest for the vresent won ex- 
éensivs exocrinental wor's rather than possible theoreticel deductions. Soae of the 
ifficulties encounter ed are set forth in this intordation circul2r. 


“= Tne pineal of ‘fines will welcome reprinting of this nanor, vrovided the follovr- 
ing footnote acimowledgment is used: "Revrinted from U. S. Bureau of? “ines 
infornation Circular 6171." - 

/~ Supervising engineer, geophysical section, U. S$. Buresu of vines. 

/- Field Assistant, U. S$. Bureau of “fines. 

Field assistant, U. S$. Bureau of “fines. 
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eee RUSISTIVITY 


For purposes of ere tvo svstems of determining the averaze rosisth 
ity of the carth -re used. Their difference rests upon the tyne of boundsry su- 

face betveen “nich the materiel is located those average resistivity is to 0d: rz: 

sured. The surfaces mav be defined as nonenveloving, as shovn in Figure l, or as 

enveloping, as shown in Figure.2. Im both cases ideal geometric configuratiozs 2 
assumed, and the avern7e resistivity is commuted unmon this bisis. 


This geophysical method differs from the older one which mapved the elec- 
trical notential fields on the surface of the ground and from the form of tacse 
fields intervreted the naterials associated with them but. did not consider the 
numerical: evaluation of these fields in terms of the associated material. Te in- 
dex number associated with the current and notential field in this vaver is the 
resistivity. Furthermore, the resistivity can bo measured sevaratoly from sve: 
mens tairon from the ground and thereby allow direct correlation to those mcasur:- 
ments made from the surface of the earth, 


PASTORS INFLUENCING AVERAG? RESISTIVITY 


rings 


_ .. Since a composite mass is measured in the ground. the fnktexs that influ 
this average mist be considered. From this voint another consideration deserves 
attention, namely, how does tne average resistivity, when moasured separately’, 
differ from the combined averaze Ge eee 


If tle average resistivity of nipane 3 botween T, and rg is p, and betwee 
rz and Po is Po what average resistivity is measured between ry and Po and what ff. 
tion does this’ combined average Yr. ~wistivity -bear to Py and Ps Tespe actively in tus 
simple ideal case? This avorage resistivity chanze oe due fo the change of met 
associated witn the new vortions of the votential field or de .ends upon pee rtit 


interval of Pz ac) nearness of rz to Ty and 72 affects the average: resistiv: 


At Bak sight it would ayoear that the ‘acael method of averaging vould 52 
the resultant average but closer examination shovs that a difference exists. 


The common method of averaging is based on the following relation: 


(Average vroverty of material) x (total amount of material) = sum of ont 
properties of naterial) x(amount of ecch material). If resistivity is con 
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Pave “rp = 61 VY + P2 %Q + ~---- Pn Yn. 
a : n | 
1ereforse Pe s P, YY 
* ; (1) 


nor the vremises in the above case: 


68 3\ eo 2 3 3 \. 
er =e r ED uh 7 b ig == p 
fog - 22) [re -e\ 
Pave 7 oe zi PY OU er. eames Pa: (2) 
. Fo. - ?, ; : Yr a r i 
' ay 1: 


n the other hand, if the average resistivity is commuted from exverimental obser- 
ations, then if Ris is the resistaace detween siuiell Tr) aad Ve. ; R20 is the re- 

istance betreen sr.el] re auid rn 
> Tien Rio 2 Ris t Rz5 » Bince the two sneils axe connected in series. 


wl 


» and & 1218 the resistence Stee shell ry and. 


4 


Comouting the equivalent resistivity upon this clectrical configuration, 


ad 
* 


1ich is the basis unon which p, and Po were me:sured sevaretely, then 


| 
mia f.-2\ + fg (fp 2 \ Peo fa - 2 
207 “1 73 ar "32 ew ry Xp 
/ \ ; ‘ , 
R pes, Ve” ae wee My F2\ a. (3) 
Peq ° lr oy ay : _ mee ° 
oe ee re a ee inc 


t is noticed that the equivalent as exoressed ty equation (3) differs from the 
veraze in equiation 2 of tna previoug case, Te apnarent percentases of p, and M5 
iffer in tne tvo viev—-points and are a function of the seomatrical configuration 
f the idcal ficlés. ‘The first aver-ge equation (2), nay be termed the volumetric 
veraze, and the second average equation (3). may be termed the electrical average. 
Tie ideal fields for tnis discussion may be divided into three classes: 
lass A, ideal electrical ficlds with no curvature, (fiz. 4); class B, ideal elec- 
rical field: with 1 degree of curvature, (fig. 5); and class C, ideal electrical 
ields with 2 degrzes of curvature, (fig. 6). 
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for vurnose of simolicity To = 2r, » and concentric cvli-::dricai as vell 
as concentric sonerical curvatures “ere used in most of the field neasurecments. 


1 and P, influence the combined effect iz ft: 


two methods of adveraging are shown in the followin,: equations: 


How the resvective effects of 9 


Class A - No curvature Paya = 7 ROT Fy p, + Po ~ te Po . 
T's ~ ry ee) ~ YL 
fe * BS SS sg, 
Class B - One degree of concentric curvature 
: 2 ‘ 2 . a ‘ 2) 
Pave = .3_ 1 Py g S P. 
Pe aL r x — r é 
2 1 2 1 
/ 
r Pig ‘ 
Po, = { log g / 08 ie oe 
| \ a c. i: 
r r 
log: 22 /roe 2 \p 
( "3 / a ae 
Class C - Tro degrees of concentric curvature 
a 5 | r* . oP . r \ 
= . o 4 
Fave (35 Ft “ee ay fas 
eae ee a 
_/r r \ ‘yor “Yr ey 2 r 
Peg 7 \ o- 1 f 128 'p. + ( 2-3. f} a e. 
oa 1 sles 
fy Pg /\ FWP ’ 2 “es ' ane ae 


It is seen that only when there is no curveture the averaze and tie emuy 
alent resistivity are identical. In the other cases the discrevency becotss Zeek 
er with tne degrees of curvature. 
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Figure 7.— Effects of P, and ®, for average and equivalent resistivity of 
three classes of curvature in electrical fields 
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The results of these equations are sho7n grznhicallv in Figure 7. 


Zhe dotted curves are for averaze resistivity and the full line curve for 
>quivalent resistivity in classes B and (C, Figure 7. It is seen that the general 
2ffect of the curved field is to emvhasize the resistivity at the point of greatest 
curvature, being greater for 2 degrees of curvature than ror 1 degree. 


The first of the above cases does not allov a practical field aoplication; 
tne second is practical but not very ravid in field manipulation. The third is the 
nost direct and nas been used in this vaner. 


All mctnods of measuring resistivity involve curved fieHs; hence, a direct 
comparison of resistivity as ineasured from the surface to that when extracted from 
celov and measured separately ~ill show differences in equivalent resistivity in 
comosite structures. 


A new inhomogeneity of structure passes into the victure mich more ranvidly 
at the voints cf greatest curvature; hence from this the nonenveloping surfaces used 
by Gish and Rooney will give more sensitive indications than the enveloping sur- 
faces used by Leonardon in some instances. With slight changes in the procedure 
for making field observations the Gish-Rooney methods cm be used to great advantage. 


The potential observations must be t2ien in such a manner as to alloy a 
greater effect by the new ground introduced into cbservation than by the released 
grouna due to change of potentinl points. Yet the changes must not be too great 
and must allow enovgh old ground in the picture as a tasis of comparison to the new 
ground introduced. 


RESISTIVITY ABOUT A SIWGLa2 ELECTRODE 


The single electrode method consists of using tvo current terminal connec- 
tions, usually iron stakes, for connecting current to the ground. The distance 
betveen the tvo stskes is made great enous: for ideal hemisvicrical potential 
shells in a uniform medium. Measuroments are tacen far enouzh avay from the stake 
not to be inflvfenced by the form of the stake itself. The ficid around the stake 
itself is usuaily ellipsoidal, becoming hemispherical a very short distance from the 
stake itself in homogeneous ground. A large numoer of potential ficlds immediately 
around a ground stete are discussed quite thoroughly by Ollendorft°? 


ends uoon the devth of survey 
ld to be almost hemispherical 


<e @ 


required and must be bovyond the immediate stake f 
in form. 


Tne distance separating the two stakes dev 
ie 


5 - F. Ollendorff, Erdstrome: Julius Springer, Berlin, 1928. pages 20-23. 
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The error introduced by assuming a hemispherical field of constant ccz- | 
centricity around the current stake can be computed from the ideal fieli condition, 
For this purpose consider the two current connections as Cy and Co in Figure 8 ' 

7 | 
The nlane of symmetry will be at b, and the distance from b to eacn stale 
is a. The votentials at Py and Py are to be equal, and the per cent x, of a detex 


mined for this condition. . The point Po is chosen to the other side of Cy to cor 


the greatest dissymmetry from the ideal eccentric condition. To work with honozer 
eous symmetrical equations define the distance P, from b as ka, where k is a perce 


age of a, -in this instance always less than unity. In equalizing the votential at 
Py. and Py a homogeneous material introduces the following equation: 


ee eg, re 
0 -Kal G+ Ka aX Ba. * ax 
whence xX « Sn es ae 
es ee gy ee ee ee 


The error comnitted by not placing C at. infinity may be computed from this relatic 
The results are vresented in Table 1, expressed in percentage of a. 


0.95 11.053 1 1.103 1.650 0.05 | 0.05 | 0 
90 j 1.111 | lel 1.100 }.10 | .10 .00 | 0 
85 11.177 | 1,327 1.152 | .152 15 002i 1G 
80 ,1.259 i 1.450 1.205 § .205 : 20 .095 | Ze 
e754 2s08S? 2 1.5es | daebe 258 | 25 - 8008: | 3.2 
70 [1.422 | 1.729 +. 1.314 314 i .30 | 014 4.6 
65 | 1.538. ! 1.888 : 1.375 375 | 135 | 025 7.2 
.60 | 1.667 | 2.057 + 1.437 | .434 : .40 | 034 6.5 
-.55 1.818 , 2.268 | 1.506 :.506 | .45 056 | 12.4 
50 $2,000 . 2.500 ! 1.562  °.582 | .50 062 —— 
45 $!2.222 . 2.772 ++ 1.665 $'!.665 ! .55 115 | 20.8 

40 | 2.500 + 3.100 | 1.761 | -761 | -60 161 | 36.8 
35 |, 2.857 | 3.507 |, 1.874 | 1874 + | 665 224 ). S45 
20 '! 3.333 ° 4.033 | 2.010 1.010 : .70 2310 , 44,3 
.25 ' 4.000 4.750 : 3.180 ‘1.18 ' .75 | 43 57.4 
20 5.000 5.800 i 2.410 ‘1.410 ! .80 | 510 | 7602 
15 6.667 7.517 | 2.740 (1,741 | .85 | . 39 i 104.7 
-10 10.000 11.900 + 3.450 ;2.05 =; .90 » 2685 ' 172.0 
05  |20.000 20.950 | 4,580 3.540, «95 / 3.63 | 382.0 
ks . Po _ -1,.00 | | 
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Figure 8.- Diagram to illustrate error introduced by assuming 
a hemispherical field of constant concentricity 
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Figure 9.~ Error curve plotted from results of Table 1 
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Figure 10.— Diagram showing two nonconcentric 
hemispheres 


TA ee Ite Oe Gls 
par cent the value for x berot:s infinity, as -es exvected. A Sovnara- 
ion of 5,000 foot betvecn tha staces wet?’ elle ex-loration to 2 depth of 1,000 
eet without a era.t adotves of error. oe " 


Aas toe sigll3 teceme ansyumstricel rith vcsnzect to the stale C5 they mav 


till be asoroxinated br honisvhericnl ideal shells which ara noneoicentric. 2: 
ause of tuis nqnconcentrisity tue: weal relation of resistivity to the geonetr 
j cee me: sliehtly core involved. Corsiday tna tro nonconcentric hemi 
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Arolrins several co:formal svac? transformations it can be shown that the 
slation of the resistance and ties VOSistivity 2s Gives 2 by. tae relation for tre 
‘irst aporoximavion as . . 


¢ 
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ct) 
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27 USINS Vice relation it is seen that te-resis ‘torce between concentric and noncon- 
sentric hemisnheres docs not ditfer sreatly, ever vith considerable eccentricity. 
oemoles “IF x 1.5 and d= .5 anil p is set at 1 thon R = 0.051 
ona for ths noncentric coriition and PB = Ce 0529 ou for the concentric case, a 
lifference of about 2 rer cet. — 

For convenience in cole at ae resistivity ereadiont curves Table 2 is insert. 
ed for cormutin tue cmlivalens asisti gees av various redii for concentric hemis- 
omherical sheils. 

Wasn averacing the rosistivity patveen curved surfaces and in varticulor a 
smnerical one, the tos: ll resistances mv be consiccrei to cousist of concentric hemis 
heres. Se | 


ore et hon 
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Tne total resist2nce is the algebraic sum of all individual hemis»vheres. 


Let Ty >To .Tq . etc., be the resistencs between eich shell rbose thic- 
ness is unity and A, + An » Pas etc., be the resvective radii of these ideal sr. 
sufficiently larg: to avoid effect of curvature. 


Thmthe total resistence R = ry + ry + r. + etc. and R= 0 


ta 
ct 


a 
, 0 + i. - L + = | 
(oma aa a | ’ 


If a curve is plotted between the resistance of each section of t-icse b07! 
as reovresented in Fisere 11, it is noticed that section a, contritutes muck more t 
the total resistance than a_, wher.as tne volume of a_ is much greater than thai ¢ 
Ay, n n 
6 
Table 2. —- Commutation of resistance at various radii between conccniric 
hemisvheres. 


RD 


-10-foot intervels | 


7p = k x Resistance 
Distencs from | 1 5 
stake (x) ie an k= See ea 
sm ry ; Ts | = = 
| a. 2 
I 
10 ' ©,.1000 - — 
| 0.0500 3 8.833 
. 20 | .0500 | | 
| : .0167 11.475 
30 | 0333 
; .0083 23.090 
49 i .0250 3 | 
! .0050 38.330 
50 .0200 
.0033 58.070 
60 .0167 
0024 79,850 
70 .0143 
.0018 106.460 
80 .0125 
.0014 136.880 
90 sO111 
.0011 | 174.220 
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2o-fort intervals 


Distance from 
stexe (r) 


0.04000 
0.02000 9,582 
50 .02000 
= .00667 28, 730 
75 | ,01333 
. 00330 58,070 
100 .01000 
; .00200 95, 820 
125 | .00800 
| .001333 143 , 730 
150 | .00667 
.000943 203,220 
175 .005714 
,000714 268,400 
200 .005000 
.000556 344,670 
225 .004444 
.000444 471,190 
250 .004000 
. 090364 526,400 
275 . 003626 
- .000303 632, 500 
300 003353 |. 
.000256 748, 600 
325 ,003077 a a 
.000220 871,100 
350 002857 = 
.00191 1,003,300 
375 .002566 _ 
| .000166 1,154,500 
400 .002500 lt 
| .000147 1,303,600 
425 | .002353 ul 
| .000131 1,462,900 
450 .002222 
000117 1,658,000 
475 .002105 
a ~ ,000105 1,325,000 
500 | .0012047 | 
_ .0000953 2,011,000 


525 | 0019047 
(Continued) . 
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Si ad 


525 .0C190-47 | 
Bee ee 0009865 2,215,0c0 
550 ,COLE181 | 
a 0009799 2,426,060 
575 .001 7321 
= £0CO00 724. * "9.647 5000 
600 .0016657 | = 
.6009587 2,875,900 
625 .031600 
7 | 0696516 5,11, 00° 
650 00152 34 © | 
| .OC00569 3,352,006 
675 .O1L4S15 
. 0020529 3,623,970 
700 60014235 
a .00094¢3 3,227,006 
725 .0013795 
_ | i : .0009469 4.163.055 
750° = 0013333 | 
| Oe : 90002429 4,457,050 
725 .0012205 | 
. .0009463 4,755,090 
809 .9C12890 
A 29000572 5,053,090 
825 Bios bane! 
. 0559553 5,523,650 
840 0011765 
. x HE 0000335 3, 704,900 
875 .0C114.29 
Le 0609312 5,025,030 
200 9011111 
: ete 2: {9800809 6,323,909 
925 9015811 
: z | ~COU0265 6, 724,000 
959 ,9019526 
0003270 7.99303 
O75 29019255 
an ee. ~90029256 7 425,902 
1060 ,0719009 
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5o-foot intervals 


Distance from l 


L x 
stoke (r) r 
50 : ~ 0.920000 
| 9.910090 |. 14,169 
100 : «919009 | Fo - 
_ - .003333 _ 57,490 
150 .006667 
- .001667 | 114,980 
200 .005000 
2001090 | 191,600 
250 .004000 
.000667 287, 590 
300 003233 | 
| .0C0476 402,600. 
350 | 002857 | 
3 : | .000357 536,800 
499 ~ 7h ge ye5yo | 
7 ) ae NC0278 583,490 
450 |  .002222 
| | 00022 862,400 
500 ) .092029 7 
ae | .0701819 1,053,509 
550 ; 0028181 
| 0091514 1,255,090 
600 | 0016567 | 
| a .0091283 1,494,999 
650 1 "0015384 ee 
| | 3 .0001098 1,745,200 
720 _ + 40014226 : 
| 20592953 2011400) 
750 i = 00133353 | | 7 
Be Bs 690833 2.301090 
890 = © 4+ 0912500 : : 
| mt | 0570735 2/6970... ’ 
359 .90117655 aaa 
| | | _ .02390654 2,930,009 
900 | = .0011111 | 
a 006585 | 3,276,990 
250 | 9919526 | 
7 | | | .0090526 | 3,643,900 
’ ° F . 
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Bias nsgeene Mek sn mest see gilt eyed. Geetha del ee 109—foo0t- intervals:--- ds, Gulch eae ene 


sw PhS Vance: Prog. see dese we Bice Mahe Wei vec pein ce be OOo 
staxe (r). r r r A ve 
a 2 a 
| i 2 
100 i 0.010000 
_ : 0.CO5000 _ 38,330 
200 . . . .005000 | 
oO | _ 001667 114,750 
300 | | - .003333 3 
| : oe 000833 - | 230,900 
. 400. | 002500 7 
| .000500 .. 383,300 
500 002000 
.000333 | 580,709 
600 001667 
.000238 . 805,200 
700 | .901429 
| .000172 150705550 
800 7 -.001250 2 
000132 | 1,378, 700 
900, 4 @OO1TA 
: .OCO111 1,724, 700 


1000 ~=—SSsd: =: 00000 


hence the tendency to overemmhasize the resistance neer the center. Oboviouslr 


ee 
2 


the avera’e shell is somewhere between the two extremes. A simple calculation ~- 
anda. The foregoing indicates - 


show that it is the geometrical mean setreen 


a 
owing to the field curvature effects a difficulty arises in dstermining tne resis 
tivity of nev material. There is a certain limit of eccuracy in measuring 7.12 °?- 


sultant resistivity in terms of tne sevarate constituent resistivities. At ozes-- 


the change of resistivity is of imeortance, anc it is hoved that prover analvsis 


a 


6 


the degree or amount of chanse vill also be used ss a factor in resistivity analy 


There is considerable exnerimental evidence to indicate that the deoth effect is 


F tT] fo or the geonetric mean multiplied by the squars root of tro. 


Even for simple forms of stratification the evaluation of the resistivily 
of newly introduced stratas from resultant averace resistivities involves a lati: 


lars later describing hoy it is done with the necessary formulas and charts. 
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Figure 14.~ Resistivity curve of ground, showing horizontal stratification 
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aeTacvs FOR w2aAsURING BaRTH AESISTIVITY 


There ‘ave tro ee al metaods for measuring eavaene earth resistivity 
ion in Figure 12 in A and B. " : 


The Gish-Rooney nethod is ‘Vlusteated at A vita stant state interels as in- 
icated. Tie resistivity may also be measured around a single stele shovn in B of 
leure 12. The other dig ae all intents and sur >oses may be ccnsidered at in- 
inity. The equivalent el ctracal resistivity in both cases is comut?2d by tie for- 


ala 
P =. ao Rives ; 
eq 
wnere R = v onms and a = distance in centimetcrs, as in cicated in Ficure 


CU 


: I 


. e ( 
This system admits to extond Turthner the. ‘intern: rete tion of the geolofical 
tructure as shown in Fuyure 12. 


ih. BLace OF “és uring Ves: Towel overage 3c gure 12 A, it is 
dvisstle to Solit.tis sotentisl d-*orval isto sal . 
istivity tu the four directions as shomm in Fizar 


Te Circetioncl chanre of average resistivity allows ferther intorvretations 
oparding structure. It is.secn in the tvo systens that the maximum curvature sur- 
aces are ee  or2 s7stsm on the left introcuces effscts of averaze vesistiv- 
ty variation “ore quiccly then that on the right. On the other hand, the central 
teke method eas AMC arene oceration in the ficld. = 


A tyrical ~esistivity curye in which herizonte1] stratification exists is. 
novn in Figure 14, Dissymctr7 tovare. S HOS Ts TS Teun. “es ocear: arues 500 2eac. 


SURFACE aN) STRUCTURE SPriCTS On RoSTit i a 


For seological internretation tw. distinct be aeces must be sonsidured in 
ssistivity survevs, on2 a ourely locnl or surface effect, the other a desn-seated 
ae. dirrecteritizs dua to conducting material norr the surface if equivoteatial 
incs ar2 ¢ravn give sinilar cictures, vot the unce rlyiag remind maar bs entirely 
ivYerent in tae tyvo sevarate cvses. P2215: NOTING Of ‘Cons? dering only tis 205. OL 
ne ficold is liable to be wtigintotorote | 


Aa for this reason. 
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This is illustrated in Nieure 15 and Fizore 1 
a, 0, c, ad, ond s, in the tvo cases. Tiev bo dic 3 re 
at A. dovever, the sosolute votentizls are 1.3, 1.5, — 2. and 2.4 in 
case and 2.3, 2.5, 2.8, 5.0, ind 5.4 in the second case Ta diffcrence a 
is the some, vet the equivalent electrical resistivity is ere tly diffsre:t in 
tro cases. It also shovs that if resistivity meeasuremants are made nmon tne sur- 
face the results vill be different if the intorvel of evaluation is chosen too 
closely together. 


6 with the cauipotentizl 1 
2 t surface irrezils 


- 


This is best shorn in Ticure 17 bv curve A. The interval of commutation ee 
resistivity is sno bv the horizontal line through cach point. Tne surfoce irre- 
gularitics aovear at a, b, c, and d. Wien the intervals ave taxen at zrerter in- 

srvals and averaged eccording to the diagrams of Figure 12, 3B, the curve, Figur 
17, B, is obtained. This curve bears only a sliznt relation Loe 
directly from the same data. 


A tzpiceal curve of resistivity is shown in Figure. 18. The dottom of the 
hole drilled was 170 fest. Tho effect of good-conducting slate is clezrly snhov, 
as vell as the beginning of the tran work. This hole vas cxtranolated elsctrically 
to a depth of 600 feet and shows a lov-resistivity layer at.350 to 409 fect, Foils 
ed by hith-resistivitr materinl. ; ) | 


Figure 19 is another illustration with 2 Grill record. The de? inition de- 
treen the surface and conglomerate is as well .s the tron on the west linc, very 
cleerly en tas resistivity curves. There is sone. mineralization before 
the treo roci: is reached. There seems. to be som? .indication ear tne tro» is cn- 
countered earlier. on oe east line or that the tran. dios tovard-the west. Much 
more evidence is necessary on drilled territory to determine a rnetner sit 
ple methods of this tyve vill suffice. Te change in resistivity Breer avjaren. 
ly bears e direct relation to the geological stratifications, 


co ear ae iBASURSGNTS 


In sroand which is eeeaed fied ints lates varaliel to tne surface tn 
sistivity measured by the equal interval nethod or central stale pega Fill ai 
but sligntly in the form of the curve. Sut more ofter the results. me.> sured 
differ from eacn, leacing to contradictions in interpret: .tions. roe examnole of: 
is shorn in Tizure 20. The drill record s:ovs £0 fest of surface material, oO fe 
of conglomerate and sandstone, & feet of sl -te, ) fect of lim 1estone, 20 feet or 
slate and 2 feet of limestone, followed by tran. The hole terminated in To tees 
trap rock. The curves snow the result of using the Gis 3-Rooney equal- ~intezrval 
method and the central-stalke electrode witn the resultant equivalent electrical 
resistivity vlotted separately. The resistivity measured tovard the nortn was 
averaged witn tre resistivity measured toward the south, 
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Figure 15. Diegram showing local or surface effect 
at A at equipotential lines a, b, c, d, and e 
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Figure 17.— Diagram showing different results obtained 
by varying intervals of computation of resistivity 
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Figure 23.- Variation in resistivity with applied voltage 


Inf. Cizs: Ko. 6l7l. 


Resvelts would indicate that slate na? a hisher resistivity than conglomerate 
on the eousl-intervel methed, anc ne change vas diese ed at all in the central- 
seh ae eae which is contrary to wnat shou's te exv,ected from the ¢rill record. 

The equal-interval method also indicates decreased resistivity after 300. fect, but 
ne such incicitation is shown with the central-slectrode method. Tre genersl velues 
of resistivity encountered by each method are of the sane order of magnitude. This 
would lead to a conclusion stating a comolete-feilzre in vrincinvls of tniis method 
in thisimstance. The facts are thst.slate has a lower vesistivity than either 
qoeTOneE are Or trav. 


inz the esual interval method, as indicated in Figure 20, and 

Nea, : vivity in eacr aieeet ion sevaratelv the results of Figure 21 vere 
octained.. Indications are tnat the sleté is encountered earlisr at noint 1 measured 
toward the south then measured tovards the north. It also vinches out toward the 
50.%n and broadens toward the north since the effect of the trav rock is clusrly in- 
cicatead at + and also at 3. ter points 5 andi 6 there is a decrease in resistivity 
asain in beta directions. It is therefore seen that if these two curves are aver- 
esed entircly different interpr etations would be made, as Ving only slignit vel-ve 
comared to the-drill record. , 7 : 


When the sevaz ats Qirections ‘ave ‘considéred in the measvrement about tre 
Single electrode the sane goneral cffsct is noted as in th: tvo electrode mnctnods. 
This is ous in geass 226 ‘The tray rock is clearly indicated at a in tnis dia- 
eram. See tes Mt en ae | 


Oving to the div of the beds, the resultant average vitiates the recogni- 
tion of noints of discontimiity in Figur 2 20, ‘ond could more easily be dedaced by 
nessa ans to tne middie moint. © 0 t Pe : 


: 


.From the results‘of 2 otis ieee surver at this voi:zt tae indications 
“ould shov that no hote should have seen crillec here for low conductivity mineral- 
ization. 


DIPSSRSITIATIVE RE REST i ST ve = MEASURIMENTS 


mat various rocks hav2'a ere “afferent volt-ampere or resistivity 

cnaractoristice has been shown by Pullen. Exderime ntal ‘evidence tends to confirm 
tnese measurements made in the laboratory. Bath “oc formation has its ovn resis- 
tivit- characteristics in this resvect. -If a Secion of lot conductivity exists it 
narr be aa ane woon this basis to gain sone insight into ths nature of tae conduc- 
Gale Aivity by by caenging tae potential sradien | 
o- ‘eg Tae We Te, Meitat? Sve iisthod of Maring 33 Sistivityr io oSsursna Ss 65.0734 

| Cores end Hand Sos cizens OF Rocks aad Ores: Inte Siscs. Ol4l, Birews oO. fines, 

Mex, 10202 04 ye oe | 
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Inf« Cire Nos 6171. 


Tast there is a variation of vesistivity devending uvon the avolied voltazs 
can be seen from Figure 23. 


This diagram shows the change of resistivity which resulted from cnanzins 
‘the current by about 50 per cent. It is seen that the resistivity decreased in Ss: 
case and increased in others with no general rule governing the relation. 


Curve A shovs the resistivity as a function of the devth, and curve 3B sic: 
the change of resistivity considering the effect of the overlving lavers. Txere is 
Still a need of a simle basis for commuting the value of the resistivity in a ler: 
from the variation of the average resistivity measur:d at tne surface. That con 
nutations and charts vill form the key to structural analysis of this tyme is a 


forgone conclusion. 
STRATIGRAPHY 


By choosing the voints of observation at close enough intervals it is nes: 
ble to follo? the contour of the various geological beds. Oving to the ravnid diz 
and the very diverse tyves of stratification and also tne variation of the resis- 
tivity in direction of the stratification considerable slill is necessary for tze 
orover intervretation of the results. As an illustration of the idea the folloviz 
two resistivity measurements made at voints 100' anart can be usec to iilustrate 
tris ovrinciple. 


Examining the resistivity curve of Figure 24 the discontinuities are stri:- 
ingly inariced at the points from] to 10. On examining the measurements at 100 
feet further south (fig. 25) corresvonding points are number alike. The div in- 
dicated is very great in this inter vats at first about 50 feet in 100 feet ari 
later 100 fest in 100 feet. 


wucn additional work is necessary to interoret orcblens completely in this 
manne:. In this way it is possible to locate also strata having a lov or higa 
electrical resistance and to obtain some idea of the relative conduction of currs:: 
in the ground from one point to another. It indicates where to take orecactione> 
measures against electrolysis end where protection is not so imvortant because 
hign-conductivity beds tend to carry more current than low-conductivity teds, al- 
though so far tnere are no direct ground surve7’s and measurements that mignt te 
cited to ‘substantiate this tneoryv completely. 


To avoid telephonic interference it has been customary in some countries 
to orovide a return of the rail current to a transformer at certain intervals to 
avoid stra currents of. excessive magnitude. The vrover location of these tra:s- 
formers "ith an idea of maximum economy is also lar gely a Ttactor of tne ground 
resistivity and stratigranvny. ‘ — 


The surge immedance of the ground itself is also to some extent a factor 
in electrical overation of power systems as w+ll as wireless, whicn depends w0n 
the electrical vrovertiess of the ground. 
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